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Summary
The leaf n-hexane extracts (neutral and acidic fractions) in Kurobe (Thuja standishii) collected from Mt. Kamikura 
in Yamagata prefecture were analyzed by GC and GC-MS comparing with four other conifer leaves.
The results showed that the main constituents in the neutral fraction were α-pinene, sabinene and bornyl acetate 
for monoterpenes, and hibaene, dolabradiene and nezukol for diterpenes. There was a variation in the contents of 
nezukol among individuals. The results also showed that the main constituents in acidic fraction were palmitic acid for 
fatty acid and trans-communic acid for diterpene carboxylic acid, and variation was also found in the content of trans-
communic acid among individuals. These results suggested that Kurobe have chemotypes.
As the results of the other conifers, the main constituents in the neutral fraction of Sugi (Cryptomeria japonica) 
were α-pinene, sabinene and limonene for monoterpenes, elemol and hydroxygermacrene for sesquiterpenes, and 
kaurene for diterpene. Unknown diterpene carboxylic acids were also found as main constituents in the acidic fraction. 
The main constituents in the neutral fraction of Hiba (Thujopsis dolabrata) were sabinene for monoterpene, elemol for 
sesquiterpene, and hibaene and dolabradiene for diterpenes. The main constituent in the acidic fraction was trans-
communic acid for diterpene carboxylic acid. The main constituents in the neutral fraction of Hinoki (Chamaecyparis 
obtusa) were sabinene, β-myrcene, limonene, bornyl acetate and α-terpinyl acetate for monoterpenes, elemol for 
sesquiterpene, and hibaene for diterpene. Unknown lignans were also found as main constituents in the neutral 
fraction. Hinoki acid, sesquiterpene carboxylic acid, was also found as a main constituent in the acidic fraction. The 
main constituents in the neutral fraction of Kouyamaki (Sciadopitys verticillata) were α-pinene for monoterpene, and 
sclarene, kaurene and six unknown furano-type compounds for diterpenes. trans-Communic acid and unknown 
diterpene carboxylic acids were also found as main constituents in the acidic fraction.
The cluster analysis was carried out by using Ward’s method on the 53 major constituents found in neutral and 
acidic fraction. The results suggested that Kurobe (Thuja) had a near relationship with Hiba (Thujopsis), and far 
relationships with Kouyamaki (Sciadopitys) and Hinoki (Chamaecyparis).
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Photo 1 Giant tree of Kurobe in Mt. Kamikura







































































































Fig.1 GC of n-hexane extracts (neutral fraction) in the leaves of Kurobe and four other conifers
Legend: (A)  0; Tricyclene, 1; α-Pinene, 2; Sabinene, 3; β-Myrcene, 4; limonene, 5; γ-Terpinene, (B) 1; Unknown, 2; Unknown, 3; 
Bornyl acetate, 4; α-Terpinyl acetate,  (C) 1; Germacrene-D, 2; Elemol, 3; Hydroxygermacrene, 3-1; Unknown, 4; α or β-Eudesmol, 5; 
Hedycaryol, (D) 1; Sclarene, 2; Hibaene, 3; Dolabradiene, 5; Kaurene, 6; Nezukol, 7; Sempervirol, 8; Unknown, (E) 1; Unknown, 2; 




















































Fig.2 GC of n-hexane extracts (neutral fraction) in the leaves of three Kurobes
Legend: (A) 1; α-Pinene, 2; Sabinene, (B) 1; Unknown, 3; Bornyl acetate, 4; α-Terpinyl acetate, (D) 0; Rimuene, 2; Hibaene, 
3; Dolabradiene, 4; Iso-kaurene, 6; Nezukol.
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P.Name R.Time M+ Compound I or E SugiT Thuja1 Thuja2 Thuja3 Hiba HibaK Hinoki Kouyamaki
1 A0 5.696 136 Tricyclene E 0.125
2 A1 5.954 136 α-Pinene I 0.411 0.483 0.273 0.102 1.083
3 A2 6.901 136 Sabinene I 1.242 0.331 0.490 0.733 1.166 1.850
4 A3 7.505 136 β-Myrcene I 0.162 0.116 0.385 0.246
5 A4 8.342 136 limonene I 0.250 0.465
6 A5 9.084 136 γ-Terpinene I 0.156
7 A6 10.425 152 Fenchone E 0.100 0.133
8 B1 14.023 196 0.326 0.254 0.183
9 B1-1 14.079 154 0.106
10 B2 14.965 154 0.259
11 B3 15.752 196 Bornyl acetate E 0.128 0.116 0.109 0.112 0.552
12 B4 17.219 (181) α-Terpinyl acetate E 0.172 1.562
13 C1 20.515 204 Germacrene-D E 0.141
14 C1-1 21.848 204 0.179
15 C1-2 22.138 222 Cubebol I 0.310
16 C2 22.295 (204) Elemol I 1.413 0.293 0.672 2.372
17 C3 22.867 222 Hydroxygermacrene I 0.550 0.125 0.234
18 C3-1 23.556 222 0.120
19 C4 24.699 222 α or β-Eudesmol E 0.177 0.159
20 C5 25.029 222 Hedycaryol E 0.119 0.118
21 D0 29.451 272 Rimuene I 0.185
22 D1 30.016 272 Sclarene I 0.991
23 D2 30.135 272 Hibaene I 0.236 0.232 0.104 0.331 0.213
24 D3 30.871 272 Dolabradiene I 0.178 0.207 1.010 0.309
25 D4 31.439 272 Iso-kaurene E 0.234
26 D5 32.191 272 Kaurene I 1.213 0.385
27 D6 33.797 290 Nezukol I 0.156 0.520 0.770
28 D7 36.945 286 Sempervirol E 0.300 0.459
29 D7-1 36.963 374 0.132 0.149
30 D8 38.578 (271) 0.139
31 E1 39.153 374 0.352
32 E2 40.357 344 0.395
33 E3 41.941 388 3.429
34 E4 42.214 358 0.325
35 E5 43.416 342 0.215
36 E6 43.736 328 Sciadin I 1.842
37 F1 48.945 354 0.695
38 F1-1 49.268 400 0.125
39 F2 49.925 352 0.249
40 F3 50.150 398 0.285
Legend: P.Name; peak name of GC, R.Time; retention time of GC, M+; molecular ion peak, I or E; identification or estimation.
Note: the data were calculated based on the ISD(heneicosane) area in each sample, and were showed over 0.100 value.














































































Fig.3  Cluster analysis of n-hexane extractives (neutral faction) 
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Fig.4  GC of n-hexane extracts (acidic faction) in the leaves of Kurobe and four other conifers
Legend: 1; Hinoki acid, 2; Palmitic acid, 3-0; Unknown, 3; Unknown, 5-0; Unknown, 5; trans-Communic acid, 6; Unknown, 
7; Unknown, 8; Unknown, 9; Unknown, 10; Unknown, 11; Unknown.
Fig.5  GC of n-hexane extracts (acidic faction) in the leaves of three Kurobes 













































（ 1 ） クロベを含む5樹種8個体を分析し、中性部では40
成分、酸性部では13成分、合計53成分を確認するこ
P.Name R.Time M+ Compound (methyl ester) I orE SugiT Thuja 1 Thuja 2 Thuja 3 Hiba Hiba K Hinoki Kouyamaki 
1 M1 27.929 248 Hinoki acid E 2.631 0.027
2 M2 29.628 270 Palmitic acid E 0.058 0.085 0.054 0.052 0.050 0.037 0.139 0.076
3 M3-0 32.741 294 0.028 0.064 0.032
4 M3 32.888 292 0.030 0.029 0.069 0.076 0.026 0.025 0.080 0.056
5 M4 34.552 316 0.058
6 M5-0 35.396 316 0.250 0.035
7 M5 35.785 316 trans -Communic acid I 0.216 0.225 0.065 0.217 0.159 0.161
8 M6 36.600 316 0.203
9 M7 37.042 330 0.501
10 M8 37.693 348 0.895
11 M9 38.672 334 0.345
12 M10 43.600 328 0.105
13 M11 50.584 398 0.183
Legend: P.Name; peak name of GC, R.Time; retention time of GC, M+; molecular ion peak, I or E; identification or estimation
Note: the data were calculated based on the ISD(veratric acid methyl ester) area in each sample, and were showed over 0.025 value.
Table 2 Construction of n-hexane extractives (acidic faction) in the leaves of Kurobe and four other conifers
Fig.6 Cluster analysis of n-hexane extractives (acidic 
faction) in the leaves of Kurobe and four other conifers
Fig.7 Cluster analysis of all n-hexane extractives in the 
leaves of Kurobe and four other conifers
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とができた。
































で はnezukolを 欠 く 個 体 が、 酸 性 部 で はtrans-
communic acidの少ない個体が化学タイプとして区
別することが可能であった。
（ 8 ） 渡部らが提案した針葉のヘキサン抽出液を濃縮せず
に、GC・GCMS分析を行うことで、5樹種8個体のテ
ルペノイド化合物等を良好に分析することができた。
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A0 peak : M+136 Tricyclene  Kouyamaki #:1: 5.880 
A1 peak : M+136 α-Pinene  SugiT#:2: 6.165, Thuja #:2: 6.165, Hinoki #:2: 6.165, Kouyamaki #:2: 6.170
A2 peak : M+136 Sabinene  SugiT #:4: 7.190, Thuja #:5: 7.180, Hiba#:3: 7.185, HibaK #:4: 7.200
A3 peak : M+136 β-Myrcene  SugiT #:6: 7.630, Kouyamaki #:4: 7.630, HibaK #:6: 7.630
A4 peak : M+136 Limonene  SugiT #:8: 8.690
A5 peak : M+136 γ- Terpinene Hinoki #:9: 9.555
A6 peak : M+152 Fenchone  Thuja3 #:11: 10.425
B1 peak : M+196  Thuja #:15: 14.305
B1-1 peak : M+154 Hinoki #:14: 14.265
 (continued on next page)
Fig.8 MS spectrum of maim constituents in the leaf neutral fractions of Kurobe and four conifers.
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B2 peak : M+154  Hinoki #:15: 15.285 
B3 peak : M+196 Bornyl acetate  Thuja #:16: 16.205, HibaK #:16: 16.225, Hinoki #:16: 16.225
B4 peak : M+ (181) α-Terpinyl acetate  Thuja #:17: 17.955, HibaK #:17: 18.000, Hinoki #:17: 18.000
C1 peak : M+204 Germacrene-D   SugiT #:9: 21.555, HibaK #:19: 21.555, Hinoki #:19: 21.555
C1-1 peak : M+204   Hinok #:20: 22.550
C1-2 peak : M+222 Cubebol  Hinoki #:21: 22.805 
C2 peak : M+(204) Elemol  SugiT #:11: 23.275, Hiba #:9: 23.250, HibaK #:22: 23.305, Hinoki #:22: 23.305
C3 peak : M+222  Hydroxygermacrene  SugiT #:12: 23.945, HibaK #:24: 23.950, Hinoki #:24: 23.950
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C4 peak : M+222  β-Eudesmol  SugiT #:14: 25.765, Hinoki #:28: 25.765
α-Eudesmol  SugiT #:15: 25.825 ,Hinoki #:29: 25.830
C5 peak :     Hedycaryol  Not detect 
D0 peak : M+272  Rimuene Thuja3 #:21: 31.225
D1 peak : M+272  Sclarene Kouyamaki #:11: 31.925 
D2 peak : M+272 Hibaene Thuja #:19: 31.925, Hiba #:10: 31.935, HibaK #:17: 31.935, Hinoki #:35: 31.940
D3 peak : M+272  Dolabradiene  Thuja #:21: 32.720, Hiba #:12: 32.755, HibaK #:18: 32.735
D4 peak : M+272   Iso-kaurene   Thuja #:22: 33.245




D6 peak : M+290  Nezukol  SugiT #:20: 35.840 
D7 peak : M+286 Sempervirol   Hiba #:19: 39.090,  HibaK #:26: 39.100
D7-1 peak : M+374  Thuja #:31: 39.295
D8 peak : M+(271)  SugiT #:28: 41.530 
E1 peak : M+374  Kouyamaki #:20:41.550
E2 peak : M+344  Kouyamaki #:21: 42.855
E3 peak : M+388 Kouyamaki #:23: 44.660
E4 peak : M+358  Kouyamaki #:24: 44.855
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E6 peak : M+328  Sciadin  Kouyamaki #:26: 46.360
F1 peak : M+354 Hinoki #:40: 51.810
F1-1 peak : M+400 Hinoki #:41: 52.340
F2 peak : M+352  Hinoki #:42: 52.705




M1 peak : M+248 Hinoki acid methyl ester   Hinoki #:29.925
M2 peak : M+270 Palmitic acid methyl ester  SugiT #:6:31.910, Thuja1 #:20:31.915, Thuja2 #:18:31.910,
Thuja3 #:8:31.910, HibaK #:18:31.910, HinokiK #:31.920, KouyamakiK #:8:31.910
M3-0 peak : M+294  SugiT #:7:35.275, Thuja3#:35.270
M3 peak : M+292   SugiT #:8:35.410, Thuja2 #:19:35.415, Thuja3#:35.415, HibaK #:20:35.410, 
HinokiK #:14:35.415,KouyamakiK #:9:35.405 
M4 peak : M+316  Thuja3 #:11:37.025 
M5-0 peak : M+316  SugiT #:11:37.985 
M5 peak : M+316  trans-Communic acid methyl ester  Thuja1 #:2:38.465, Thuja2 #:20:38.465,
Thuja3 #:12:38.455, HibaK #:23:38.465,  HinokiK #:16:38.455, KouyamakiK #:10:38.450
M6 peak : M+316 SugiT #:14: 39.310, HinokiK #:18:39.310
 (continued on next page)
Fig.9 MS spectrum of maim constituent methyl esters in the leaf acidic fraction of Kurobe and four conifers
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M7 peak : M+330  KouyamakiK #:11:39.755
M8 peak : M+348  SugiT #:16:41.665
M9 peak : M+334  SugiT #:19:42.455
M10 peak : M+328  KouyamakiK #:12:46.740
M11 peak : M+398 HibaK #:28:54.195 
Fig.9  (continued) 
